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Abstract—In the Northwest Pacific zone, the extreme typhoon 
waves, which occur in summer and autumn, pose great risks on 
the nuclear facilities and related coastal infrastructures. To 
facilitate the assessment of the impact of typhoon waves over 
the whole Chinese coastal line, detailed data of the sea state 
over this region is necessary. For this reason, a numerical sea 
state data base, which includes the North-West Pacific Ocean is 
under construction. It will range over several decades, to 
provide long-term wave data in this area. An oceanic wave 
model with a triangular mesh covering the whole Pacific Ocean 
has been set up by using the third generation spectral wave 
model TOMAWAC. The wave state in 1999 is simulated and 
compared with observations of three oceanic buoy stations. The 
numerical result of significant wave height (SWH) shows a 
good agreement with the oceanic buoy observations. The 
minimum values of the average bias between prediction and 
measurement is around 4-7 cm. The prediction of mean period 
(MP), however, is less accurate than the results of SWH. The 
model underestimates the mean period with amplitudes of 
around 2 s. The numerical database is used to calculate 
seasonal mean wave energy density (WPD) in South China Sea. 
The results show that the values of seasonal mean WPD are 
larger in winter and spring due to the northeast monsoon in the 
period and the most energetic region is in the northeast part of 
the South China Sea.  
Key Words—Northwest Pacific Ocean; TOMAWAC; Wind-
wave Simulation; Wave Power  
I. INTRODUCTION 
Waves, occur everywhere in ocean, can destroy offshore 
facilities, coastal infrastructures and ships. But wave energy 
is one of the most potential energy among the renewable 
energy resources. It is estimated that there is about 2 TW 
energy all over the world, which can be derived from ocean 
waves [1]. In order to use the wave energy, the temporal and 
spatial distributions of wave characteristic are required. At 
present, this is done mainly through in situ observations and 
satellite data, which cannot provide the detailed sea state with 
high temporal and spatial resolutions needed in prediction of 
extreme events. A numerical database of sea state could 
provide the necessary details over a large temporal and 
spatial area. Due to the high computational efficiency, spectral 
wave models, such as TOMAWAC [2], SWAN [3] and 
WAVEWATCH III [4], have been widely applied in hindcasting 
models of ocean waves. 
TOMAWAC, which is a third generation spectral wave 
model, will be used in this case as it has already been used 
successfully to construct sea-state atlas. An example of such a 
data base is ANEMOC-2, which provides wave information over 
32 years from 1979 to 2010 along French coastline, the Atlantic 
Ocean, English Channel, North Sea and the Mediterranean Sea 
[5]. Motivated by the construction of ANEMOC-2, the 
establishment of a wave database for the Northwest Pacific 
Ocean is ongoing [6]. The final database will include detail 
wave parameters, such as significant wave height, mean period, 
peak period and mean direction, with a 1-hour resolution from 
1979 to 2016. Based on this database, the distributions of sea-
state, seasonal effects and estimation of extreme wave values 
can be analyzed.  
Although various wave energy technologies are in 
development, none have reached an industrial stage yet due to 
the high cost. However, in some islands or reefs, electricity 
cannot be transmitted from mainland, thus, diesel power station 
is widely used in these areas. The cost of electricity generated by 
diesel and wave is comparable, and the increasing energy 
consumption demand in these areas make it wave energy 
converter an interesting alternative. There are plenty of reefs in 
South China Sea. Recently, many infrastructures have been 
constructed in these reefs, where the need for sustainable energy 
has become a concern. In this study, the wave energy density 
distribution in South China Sea is evaluated and analyzed based 
on a wave database. The introduction of the numerical model 
and wave database is shown in section 2. Then, section 3 is 
devoted to the method and results of wave energy density 
assessment. Finally, section 4 will include a conclusion and 
future work of the database. 
II. CONSTRUCTION OF THE WAVE DATABASE 
A. Model setup 
TOMOWAC is developed by the EDF R&D’s LNHE, 
and it is part of the Telemac-Mascaret system 1 . The 
governing equation of TOMAWAC is the action balance 
equation [7,8]: 
                                                          
1 http://www.opentelemac.org/ 
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where  is the radian frequency,   is the propagation 
direction, gc is the wave group velocity, c and c  are the 
velocities in spectral space and  . ( , ; , , )N x y t   is 
the action density. The left-hand side terms in Eq. (1) 
represents wave shifting in , , , ,x y t   -space. Source term 
( S ) in the right-hand includes the processes of wave 
generation by wind ( inS ), quadruplet wave-wave 
interactions ( nlS ) and white-capping ( dsS ) in deep ocean. In 
shallow water, however, the triad wave-wave interaction 
( trS ), bottom friction ( bfS ) and depth-induced breaking 
( brS ) are also considered. 
The numerical approach of TOMAWAC integrates the 
governing equation using the finite element method. The 
finite element method allows the ratio of the largest size to 
the smallest size of the grids to exceed 100, so TOMAWAC 
can be applied in cases simulating waves from deep water to 
coastal areas with complex geometry. 
The wave model covers the whole Pacific Ocean, from 
80oS to 65o N in latitude, and from 100o E to 107o W in 
longitude (see Fig. 1). The spatial size of the mesh is variable 
as the mesh is refined in the area close to the Northwest 
Pacific Ocean. The maximum resolution is about 3° along the 
coastlines of South America and Antarctica. To capture the 
wave transformation induced by complex topography and 
bathymetry in coastal areas, the grid size is set to be about 
1km along Chinese, Korean and Japanese coasts. In other 
areas, such as Australia and Southeast Asia, the grid size is 
about 50 km. The mesh comprises 28 343 nodes and 53 041 
elements. 
 
Figure 1. Mesh of the wave simulation covering the Pacific Ocean. 
 
The time step for oceanic model is 300s. The frequency 
domain covers 36 bins from 0.0345 Hz with a growth ratio of 
1.1. Direction is equally divided into 32 bins from 0° to 360°. 
The wind force is interpolated from the regular grid of CFSR 
onto the mesh every hour over 38 years from 1979 to 2016. 
Different combinations of physical terms have been tested in 
the calculation and the BAJ configuration shows the most 
accurate results of significant wave height (SWH )[6]. 
Therefore, the BAJ combination is used [9], which aims to 
improve the model’s capabilities in simulating of wind-wave 
generation and dissipation [10]. By reformulating the mean 
wave parameters, the simulation with BAJ can take better 
into account the realistic interaction between wind sea and 
swell. The method used to calculate quadruplets wave 
interaction term is the Discrete Interaction Approximation 
(DIA). 
 
B. Model validation 
First, the validation of the oceanic model is conducted by 
comparing the SWH and mean period (MP) in 1999. Three 
ocean buoy stations from Japan Meteorological Agency 
(JMA) can provide observed SWH and MP in a time interval 
of 3h over this period. The locations of the three buoy 
stations, 21002, 21004 and 22001, are shown in Table 1. The 
main aim of this simulation is to assess the accuracy of the 
model in simulating ocean waves.  
We compare the numerical results of SWH and MP with 
observations from January to April 1999. The time series of 
SWH are shows in Fig. 2, where it can be seen that the model 
can capture the variations of SWH during this period and the 
amplitudes of numerical results agree well with the 
observations. Fig. 3 shows the comparison of MP. It can be 
seen that the model underestimates the values of MP in this 
period.  
 
Figure 2. Time series of Significant Wave Height (SWH). (Red circles: 
observation; Lines: numerical results) 
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Figure 3. Time series of Mean Period (MP). (Red circles: observation; 
Lines: numerical results) 
TABLE 1. THE LOCATIONS OF THE THREE OCEANIC BUOY STATIONS 
Buoy Station Longitude (o) Latitude (o) 
21002 134.533 37.917 
21004 135.000 29.000 
22001 126.167 28.333 
 
Two statistical parameters are used to assess and quantify 
the differences between numerical simulations and 
observations: 
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where iy  is the numerical results and ix  is the 
corresponding observed data. 
TABLE 2. STATISTICAL PARAMETERS OF SIGNIFICANT WAVE HEIGHT 
(SWH) AND WAVE PERIOD(MP) 
BIAS 
Buoy 
 
SWH 
(m) 
MP 
(s) 
21002 0.04 -1.8 
21004 0.06 -2.0 
22001 0.07 -2.2 
21002 0.42 2.81 
21004 0.43 2.77 
22001 0.37 3.07 
 
 
 
The statistical parameters of SWH and MP are shown in 
Table 2. The BIAS between observation and numerical 
results is less than 7 cm, which indicates the wave model can 
predict the variation of SWH accurately. However, the BIAS 
can only represent the average differences between 
observations and predictions. The Root Mean Square Error 
(RMSE) is also calculated, which is the square root of the 
differences. The RMSE is approximate 30-40 cm. The 
statistical parameters of MP are also shown in the table. The 
results show the simulation of MP is less accurate than that of 
SWH.  
III. ESTIMATION OF WAVE POWER DENSITY 
The wave power density (WPD) is calculated by 
integrating model spectra based on numerical results. The 
wave power density of a unit wave crest length is calculated 
by: 
( , ) ( , )
2
0 0
P f d S f dfdc
g
g               (3) 
where  is the density of sea water, g is the acceleration of 
gravity, gc  is the wave group velocity, ( , )S f  is the 
wave spectrum, f is frequency and   is the direction. 
The wave state in 1999 is selected to calculate the 
values of WPD in South China Sea. The resulting seasonal 
mean WPD is shown in Fig. 4. It can be seen the most 
energetic season is winter with the mean WPD of 9~10 
kw/m. In contrast, the mean value of WPD in autumn is 
smallest, which is approximate 6~7 kw/m. The distribution of 
mean WPD in spring is consistent with that in winter, but the 
values are smaller. In winter and spring, the largest values of 
WPA are located at northeast part of the South China Sea, 
which is induced by the northeast monsoon during this 
period. The South China Sea is a marginal sea which is a part 
of the Pacific Ocean. In winter and spring, the northeast 
monsoon can increase wave energy and also the waves from 
Pacific Ocean can transmit into the northeast part of South 
China Sea, which increases the values of mean WPD. In 
summer and autumn, however, the intensity of wind is 
relative weak leading to much smaller values of mean WPD.  
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